The paper has twofold goals. The paper reviews the culture of entrepreneurship and entrepreneurial competencies in Palestine. It is characterized by donor-supported and non-governmental-initiated trainings. This demands an urgent active involvement of universities in the field of entrepreneurship that is shaped in the form of Research and Development as well as offering entrepreneurship academic programs. This comes in line with the emerging trend of offering courses and programs at universities worldwide. Furthermore, the paper proposes a softcomputing-based entrepreneurial key competencies' model (SKECM). This tool is capable of predicting/judging the overall quality of entrepreneurial competencies. SKECM is based on the three-cluster, ten key entrepreneurial competencies developed and used by Empretec. A three-stage, 14 different models have been developed and validated by hundreds of randomly generated datasets. Measures were used to validate the adequacy of these models including, the mean average percentage errors and the maximum percentage errors. The best achieved values for these measures are 0.8511 and 6.3175, respectively. However, although the preliminary findings of the proposed SKECM model are promising, more testing is still required before stating the adequacy of applying the softcomputing modeling approach in the entrepreneurship field (This is to state that there are no financial competing interests (political, personal, religious, ideological, academic, intellectual, commercial, or any other) to declare in relation to this manuscript).
The UNCTAD Entrepreneurship Policy Framework 2012); achievement, planning, and power clusters (The Empretec Program: The Entrepreneur's Guide 2015); and personal, interpersonal, and business competencies (The Canadian National Research Council Entrepreneurship and http://www.nrc-cnrc.gc.ca/eng/careers/behavioural_competencies/entrepreneurship_competency.html). The four-category models include: knowledge, motivation, capabilities/qualities, and characteristics (Driessen 2005) ; and achievement, personal power, planning, and relationship building (Smith and Shankar 2015) . The five-level category is proposed by (Sugars 2014) comprising: self-employed mindset, managerial perspective, attitude of owner/leader, entrepreneurial investor, and true entrepreneur. In addition, a sixlayer entrepreneurship competency is proposed by (Entrepreneurship Competency Model 2010) including personal effectiveness, academic, work, industry-wide technical, industrysector technical and management competencies, and occupation-specific requirements. The covariance seven-category structure model is proposed to test the entrepreneurial intent among engineering students at MIT (Lüthjel and Franke 2003) . Such a model includes key parameters like entrepreneurial behavior, entrepreneurial intent, risk-taking propensity, locus of control, attitudes towards entrepreneurship, perception of context, and personal background. Furthermore, the nine-tier competencies' model that is proposed by (The Competency Model Development and Use: A Technical Assistance Guide 2015) includes personal effectiveness, academic, workplace, entrepreneurship technical, entrepreneurial focus areas, and the rest of the tiers represent the specialization that occurs within specific occupations within an industry. All of these categories include components like personal, achievement, planning, power, and academic explicitly or implicitly.
In this paper, the author aims at reviewing the Palestinian entrepreneurship status and various initiatives. The second goal is to propose a softcomputing-based software that can predict the quality of an entrepreneur's overall key entrepreneurial characteristics and competencies. This proposed software is based on the three-cluster model that has been successfully developed and implemented mainly by Empretec (Driessen 2005; Smith and Shankar 2015) in tens of countries all over the world over the three decades.
Following this brief introduction, the paper is organized as follows: the "Literature review" section surveys relevant studies which have addressed the problem of modeling entrepreneurial competencies. The "Methods" section briefly introduces the methodology used. It is followed by a brief presentation of the Palestinian entrepreneurship status. "The proposed model" section introduces the various softcomputing modeling techniques and presents the proposed SKECM model. While results and discussions are covered in the "Results and discussion" section, conclusion and further works are presented in the "Conclusions" section.
Literature review
The modeling of the entrepreneurship and the entrepreneur's characteristics/competencies has been addressed by several research studies in the last few years. Some of these studies are briefly presented.
A two-side entrepreneurial competencies' model is proposed by (Penchev and Salopaju 2011) . While a one-side focusses on the core entrepreneurial competencies that are required at a time: proactiveness, change risk taking, seeing opportunities, soft networking, decision-making, creativity, and innovativeness; the other side which, is more necessary later on, for running the established company includes leadership, communication, specialist, and problem-solving. The author adopts the triangulation approach to qualitatively analyze the interview results together with quantitatively the survey results, as well as with the theoretical findings (http://www.pcbs.gov.ps/site/512/default.aspx? tabID=512&lang=en&ItemID=1397&mid=3172&wversion=Staging). In addition, (Zhiqiang et al.) proposed an entrepreneur belief-desire-intention (BDI) model in different entrepreneurial environment that is based on the fuzzy wavelet neural networks. Authors stated that the proposed model enhanced the controlling and reasoning capacity of BDI model. Furthermore, a three-theme (knowledge, skills, and attitudes) action-based approach framework for entrepreneurial competencies focused on developing entrepreneurial competencies is proposed (Lackéus 2013) . The knowledge theme contains mental models, declarative knowledge, and self-insight; the skills theme includes subthemes: marketing, opportunity, resource, interpersonal, learning, and strategic; and the attitudes one consists of entrepreneurial passion, self-efficacy, entrepreneurial identity, proactiveness, uncertainty/ambiguity tolerance, innovativeness, and perseverance. Authors identified the three-thematic sources linked between strong emotions and entrepreneurial learning outcomes: interaction with outside world, uncertainty/ambiguity in learning environment, and team-work experience. In addition, Mitchelmore integrated the various entrepreneurial competencies into four categories (Mitchelmore and Rowley 2010) . These are entrepreneurial, business and management, human relations, and conceptual and relationship competencies. The author argued that this integrative list of entrepreneurial competencies is contextual and situational. Noor and co-authors (2010) suggested an integrated entrepreneurial competencies model of the roles of entrepreneurs in examining the relationship between entrepreneurial competencies and business success in SMEs. They included different domains like strategic, commitment, conceptual, opportunity, organizing and leading, relationship, personal, and technical.
Furthermore, Radović Marković and co-author proposed a fuzzy logic based generally applicable procedure to evaluate the competence (personal and professional) of the leader of the project team and its members, who are employed on virtual university (Mirjana and Dušan 2014) . As a formulation of the original model, the authors proposed that a database of experts should be formed on the basis of the keywords from their publications. Also, an interesting study that compares the combination of organizational entrepreneurship and social capital, and its dimensions in three countries making use of statistical and fuzzy logic approaches (Yaghoubi) . Authors identified the significant of considering the social capital to improve the organizational entrepreneurship.
A fuzzy logic-based dynamic economic-psychological model of factors that influence individuals' entrepreneurial intentions to go into business is proposed (Khefacha and Belkacem 2015) . The considered factors include personal attitude, subjective norms, and perceived behavioral control. Authors reported that entrepreneurial intention is related to a composite of some demographic, competencies, networks, and perception factors. WU (The Canadian National Research Council Entrepreneurship), on the other hand, proposed a competency model and applied the rough set theory and the best attribute-value to investigate whether there are diverse competencies between small firm entrepreneurs and large firm managers. The author reported that the small firm entrepreneur is generally much better in building a mechanism for talent development, whereas a large firm manager is good at making feasible solutions for actions (The Canadian National Research Council Entrepreneurship).
Moreover, one of the most famous and implemented models is the three-clustered, ten personal entrepreneurial competencies (PECs), developed at Harvard University (Driessen 2005) . These PECs include achievement cluster that addresses the opportunity-seeking and initiative, persistence, fulfillment of commitments, demand for quality and efficiency, and calculated risks; planning cluster that focuses on: goalsetting, information-seeking, and systematic planning and monitoring; and the power cluster that concentrates on persuasion and networking, and independence and selfconfidence. Based on this model, the United Nations Conference on Trade and Development (UNTCAD) published an Entrepreneurship Policy Framework and Implementation Guidance (Smith and Shankar 2015) . Furthermore, UNTCAD established the Empretec program (The Empretech Program: The Entrepreneuer's Guide 2015) to promote the establishment of sustainable, innovative, and internationally competitive small-and medium-sized enterprises. The Empretec program is an integrated capacity building, one that is operating in 32 countries with over 300,000 trainees across the developing world. Empretec distinguishes itself from other training by offering a behavioral approach to entrepreneurship.
In this paper, we adopted the Empretec as depicted in Fig. 1 . It shows the three clusters that covers a series of ten Key PECs represented by thirty behaviors associated with successful entrepreneurs.
Methods
The paper has twofold goals. The first one is to highlight the culture of the Palestinian entrepreneurship, and define its characteristics. A desk review has been conducted to identify all initiatives and training entrepreneurship-related programs, as well as the worldwide trends in the light of the Palestinian economy and unemployment rate.
The second fold of the paper aims at proposing a simulated and softcomputing-based entrepreneurial competencies' software model capable of predicting the overall entrepreneurial competencies. A desk review has been accomplished to review the various available entrepreneurial competencies models. These models have been compared from various dimensions including the features, categories, and implementations. The research work uses a framework, clustered structure entrepreneurship model that is mostly and widely used for the research consideration and implementation.
The mathematical modeling technique, namely softcomputing modeling approach, is explored and used as a platform for development and validated with generated random data.
A three-stage, 14 different models are developed. To validate these models, hundreds of datasets are randomly generated between 1 and 10. This range covers the poor, satisfied, good and excellent levels of entrepreneurial competencies. Three measures are used to examine the adequacy of using the softcomputing techniques to address the entrepreneurship field.
Entrepreneurship status in Palestine
Palestine (West Bank and Gaza) has an exceptional occupational, political, economic situations, and lack of natural resources. The Palestinian main features of economic indicators include a 45.6 % labor force participation rate of persons aged 15 years and above, 25.6 % unemployment rate among labor force participants, 68.3 % of employed persons are wage employees, and 18.6 % of employed persons are self-employed, and 41.5 % among youth aged 20-24 year (http://www.pcbs.gov.ps/site/512/default.aspx? tabID=512&lang=en&ItemID=1397&mid=3172&wversion=Staging). Furthermore, 25 % of Palestinians are living in poverty (http://www.worldbank.org/en/news/press-release/ 2015/09/27/palestinians-getting-poorer-for-third-year-in-a-row), 1638 USD GDP per capita, and −387 USD Million Balance of Trade (http://www.tradingeconomics.com/palestine/ indicators).
Similar to most of other developing countries, Palestine, in the last few years, has luckily witnessed the implementation of several entrepreneurship-related initiatives that are mainly supported by foreign donors. These include:
1. Al-Nayzak (http://www.alnayzak.org/) (The Arabic word for meteor) that aims at developing a new culture of scientific education to provide economic opportunities Basing on the above review, one can point out the following features of the entrepreneurship-related initiatives and training programs in Palestine:
1. Most of these initiatives are donor-based ones, which sets them in an unpredicted and unsustainable status and threat 2. Most of them are informal and continuing education training programs 3. Most of these training programs are covered by non-governmental organizations rather than higher education institutions 4. Every initiative has its own curriculum that may raise the quality of such programs 5. The contribution or participation of higher educational institutions in these initiatives are very weak 6. The Palestinian higher educational institutions are taking the following role rather than the leading one 7. Few universities offer formal optional credited entrepreneurship courses 8. Up to my knowledge, there is no article that addresses the quality of these training programs, nor the quality of their graduates, or the quality of their obtained entrepreneurial competencies 
The proposed model
A simple softcomputing-based key entrepreneurial competencies' model (SKECM) is proposed. SKECM model can be used by organizations and individuals to judge or assess the various essential competencies an entrepreneur must have. SKECM is a three-stage model as shown in Fig. 2 . Based on its related behaviors, every key entrepreneurial competency (KEC) is modeled in the first stage. Such a model will represent the relations between the behaviors (as inputs) and their corresponding KECs (as an output). Since there are ten KECs, along with their associated behaviors as shown in Fig. 1 , there will be ten such models. Figure 3 illustrates the persistence key competency as an example of one of these models, whereby its three associated behaviors are input into the model. This persistence model describes the relation between the three behaviors, with equal contributions of each behavior, and the predicted key persistence competency.
In the second stage, every cluster of competencies is modeled based on its related KECs. This model represents the relations between the KECs (inputs) and their corresponding cluster (output). Since there are three clusters, along with their associated KECs as presented in Fig. 1 , there will be three such models. Figure 4 shows the achievement cluster as an example of for these models. This achievement model describes the relation between the five KECs, with equal contributions of each KEC, and the predicted achievement cluster.
In the third stage, as depicted in Fig. 5 , the three clusters' competencies models are fed into the overall entrepreneurial competencies model to produce the overall competency and proficiency of the entrepreneur under consideration. This model describes the relations between the clustered competencies of the three clusters, with equal contribution of each one, and the overall entrepreneurial competency.
The following sub-sections briefly introduce the softcomputing field and present a detailed description of the SKECM model. 
The softcomputing modeling techniques
Softcomputing is an emerging approach to computing, which mimics the remarkable ability of the human mind to reason and learn in an environment of uncertainty and imprecision (Zadeh 1994) . Softcomputing is a combination of multidisciplinary approaches to model and enable solutions to real world problems. It encompasses several computing fields including fuzzy logic (FL) through the fuzzy if-then rules; neural networks (NN) for learning and adaptation; and genetic algorithms for evolutionary computation. Hybridization of these approaches will contain the various combined features such as the neurofuzzy approach that combines the NNs and the FL systems. Neurofuzzy will in turn have the reasoning capability of the FL systems and the learning and adaptation abilities from the NNs.
The fuzzy logic methodology incorporates human knowledge and performs inferences and decision-making depending on multi-value notions to solve problems instead of using Boolean logic. FL's basics are derived from fuzzy set theory (Zadeh 1965) . A fuzzy system is a mapping of an input data vector into a scalar output based on FL, using the fuzzyfication, fuzzy inference, and defuzzification components. The fuzzyfication component maps a crisp input space into appropriate linguistic labels of fuzzy sets known as membership functions. The fuzzy inference component contains a rule base that holds fuzzy rules: a database that defines the MFs used in the fuzzy rules, normalizes the input and output universes of discourse, and performs the fuzzy partitioning of the input and the output spaces; and a reasoning mechanism that performs the inference process upon the rules and given condition to derive a reasonable output. The defuzzification component converts the aggregated fuzzy set to a crisp output value. Thus, FL theory logic provides a mathematical strength to capture the uncertainties associated with human cognitive processes, like thinking and reasoning. The neural networks is an information processing paradigm stimulated by biological nervous systems such as our brain. NN is composed of large number of highly interconnected neurons working together. NN learns from experience complex functional relations by generalizing from a limited amount of known input/output training data. NN has its strength in learning and adaptation. The main learning algorithm that has been implemented is the back propagation in addition to the subtractive clustering approach. Neurofuzzy models are used to achieve the reasoning and learning capabilities of FL and NN, respectively. One of these neurofuzzy approaches, namely adaptive network-based fuzzy inference systems or artificial neurofuzzy inference systems (ANFIS) (Jang 1993 ) has been implemented. Using known pairs of input/output datasets, ANFIS constructs a fuzzy inference system (structural identification), or makes use of the generated clusters by the subtractive clustering model. The generated membership function parameters are then tuned (parameter identification) using a learning rule such as the BP algorithm. This is the first time that the neurofuzzy approach is implemented to address the modeling of the entrepreneurial competencies as described in this paper.
Description of the SKECM model
The proposed three-stage SKECM model as presented in Fig. 2 is based on neurofuzzy approach that uses the associated behaviors of the ten KECs' values as inputs and models them individually. Next, the outputs of these ten KECs are fed into the second stage. The three entrepreneurial competencies' clusters are modeled based on their related KECs. The three clusters' models are then modeled to produce the overall entrepreneurial competencies. The processing of these three inputs results in a value that describes and represents the status and of the overall competencies of an entrepreneur under consideration. The following subsections will describe in more details the processing of these three stages.
Stage 1 Individually, each KEC has been modeled using the neurofuzzy modeling technique to represent and describe the relations between all its associated behaviors with equal weights. These weights can be modified according to the organizational considerations, contexts, and environment. (Decision maker, problem solver, and leader), which produces the persistence competency as an output as described in Fig. 3 . The output of each of these models represents the relations between all of the involved input corresponding behaviors and the output (KEC), taking into account the contribution of all these inputs to produce the output. In other words, such a model depicts the quality of each KEC as the linguistic terms: POOR, SATISFIED, GOOD, and EXCELLENT. The relations between these three input behaviors (decision maker, problem solver, and leader) and the resulted outputs are described in this model to produce the output. With equal weights' contribution, the relationship between these behaviors and the produced output, PersistenceCompetency, is described by the following fuzzy if-then Sugeno first order rule (The output or consequent part is a nonfuzzy first order linear equation) (Jang and Sun 1995) : Similarly, all of the stated ten KECs have been modeled to produce the competency of each KEC.
Stage 2 Individually, each cluster has been modeled based on the neurofuzzy modeling technique to signify and describe the relations between all its KECs with equal weights. These weights can be modified according to the organizational considerations, contexts, and environment. The output of each of these models represents the relations between all of the involved input corresponding KECs and the output, taking into account the contribution of all these inputs (opportunity-seeking and initiative, persistence, fulfillment of commitments, demand for quality and efficiency, and calculated risks) to produce the output (CHIEVEMENTCLUSTER) as shown in Fig. 4 . In other words, such a model depicts the quality of each cluster as the linguistic terms: POOR, SATISFIED, GOOD and EXCEL-LENT. The achievement cluster has five KECs that influence and contribute to its output.
The relations between these five input KECs and the resulted outputs are described in this model to produce the output with equal inputs weights' contribution is described by the following rule (the output follows the nonfuzzy Sugeno first order linear):
Rule R i : if (OpportunitySeekingandInitiative is In1Cluster i ) and (Persistence is In2Clusteri) and (FulfillmentofCommitments is In3Cluster i ) and (DemandforQualityandEfficiency in4Cluster i ) and (CalculatedRisks is in5Cluster i ) Then ACHEIEVEMNTCLUSTER is the i th linear = p i + q i + r i (Jang and Sun 1995) Similarly, all of the stated three clusters have been modeled to produce the competency of each cluster. Figure 6 illustrates the calculated verses the Predicted Competencies (output) for the Achievement Cluster.
Stage 3 The outputs of the three clusters models (from Stage 2) are inputs, with equal weights, to the overall neurofuzzy model as presented in Fig. 5 . The weights of these inputs can be modified according to the organizational concerns. This overall model describes the relationships of the produced outputs of the three clusters, in the second stage (input), and the produced overall competency of the system. It is worth mentioning that all inputs have contributed equally to produce the output of the system. 
Models' validation
The tested and validated data to verify the performance of the whole SKECM model has been randomly generated. Two hundred fifty pairs of datasets have been used to train and validate the SKECM model. For every individual model, 250 datasets have been split into training and checking datasets using the cross validation approach (1); the correlation coefficient (CC) measure that determines the degree to which two variables' movements are associated as in equation (2); and the max percent error (MPE) between the calculated and predicted values as in equation (3). These measures are calculated using the following formulae:
where n is the number of values.
SKECM simulated version
A simulated version of the SKECM version has been developed as shown in Fig. 8 , in order to obtain the overall entrepreneurial competency. The SKECM-simulated tool provides a friendly user interface, where any value in the range between 1.0 and 10.0 is used as an input to any behavior(s) as in the first stage. Furthermore, the interface provides users the ability to set any value for the behaviors and accordingly predict the overall performance, competency, and capability of the entrepreneur under consideration as shown in Fig. 9 . The SKECM capability is demonstrated with randomly setting values clusters: 7.7 to ACHIEVEMENTCLSUTER, 7.91 to PLANNINGCLUSTER, and 7.44 to POWERCLUSTER. The predicted output is equal to 7.68. Following a scale of a four-level Likert one 1-< 3.5 is POOR; 3.5-<7.0 is SATISFIED; 7.0-<8.5 is GOOD, and 8.5-10 is EXCELLENT. The overall entrepreneurial competency of the entrepreneur under consideration is GOOD. 
Results and discussion
The SKECM model has been developed to assess the overall entrepreneurial competency of the various KECs including the overall entrepreneurial competency. A sample of SKECM first stage is as depicted in Fig. 3 . To validate the models, datasets have been randomly generated in the range 1.0 to 10.0. That is, a 1.0 to 10.0 scale has been used to assess each EKCs and the overall entrepreneurial competency. It is assumed that such a scale represents four categories: POOR to cover the range between 1.0 to less than 3.49; SATISFIED to cover the range from 3.5 to less than 7.0; GOOD to represent 7.0 to less than 8.5 range; and EXCELLENT to represent the 7.5 to 10 range.
For each KEC model, the associated behaviors are given values between 1.0 and 10. The calculated output, the competency of that particular KCE, is the average of these input values. This assessment is mainly based on the evaluation or judgment of all related behaviors. The predicted outputs of all KECs are combined together to provide the overall KAs' competency. Two hundred fifty datasets have been randomly generated and split into training and checking datasets using the cross validation approach (http://kelley.iu.edu/IIB/ProgramsandIntitiatives/YELP/page45835.html). In other words, 80 % of the dataset has been used as the training set, and the remaining 50 dataset has been used as the checking set that contains the non-seen data to the model.
The softcomputing approach has been used to develop such models. Authors of this paper have tried several softcomputing techniques. These include neurofuzzy with a hybrid learning algorithm, subtractive clustering, and a combination of the subtractive clustering and the neurofuzzy approaches. The best results have been obtained by making use of the subtractive clustering and the neurofuzzy approaches. Thus, all of the developed models are based on the combinations of the two approaches. Figure 10 presents a sample of the various inputs' values as well as all obtained competencies' values for all 14 developed models, thus covering the stages. Figure 11 illustrates the various obtained MAPE values for all 11 models (ten KECs, three clustered KEC, and the overall KEC). MAPE ranges between 0.8511 for the information seeking model to 2.9551 for the persuasion and networking model. However, the achieved MAPE value for the overall competencies model is 1.2087. MAPE values measure the accuracy of the predicted output. These small MAPE values reflect the high accuracy of the various developed models. Such accuracy has been consistent with the obtained values of the CC measure. The obtained CC values are shown in Fig. 12 . The obtained high CC values that range between 0.9964, which corresponds to the persuasion and networking model, and 0.9996 show the adequacy of such models to predict the competencies of the various KECs. The CC measure determines the degree to which two variables' movements, calculated and predicted values, are associated. Moreover, the attained MPE measure values, shown in These results reflect the adequacy of applying the softcomputing approach to the field of entrepreneurship, particularly, the prediction or assessment of the entrepreneurial key competencies. 
Conclusions
Palestine has witnessed active entrepreneurship-related initiatives and programs. The main characteristics of these initiatives are donor-based ones that raise the question of sustainability, informal non-governmental organizations-hosted rather than formal universities-offering. The quality of such programs and the quality of obtained entrepreneurship competencies have never been evaluated. The time has come for the Palestinian higher education institutes to follow the emerging trend of offering formal entrepreneurship courses and programs. It is for sure, it will be an essential step to provide community with entrepreneurs and self-employers who will create jobs and thus boost the economic situation. A softcomputing-based SKECM model has been developed to predict each KEC and clustered competencies depending on their individual associated behaviors that are treated as black boxes. An overall entrepreneurial competencies assessment has also been achieved in the third stage of the SKECM model. The different adopted behaviors, ten KECs, and three clusters are as provided by Empretec. The validation of these models has been accomplished by randomly generating 250 datasets. Using the cross-validation algorithm, the generated datasets have been split into training and checking datasets. Three measures have been used to validate the adequacy and accuracy of such models: MAPE, CC, and MPE. The top obtained MAPE, CC, and MPE values are 0.8511, 0.9996, and 6.3175, respectively. These consistent values suggest the potential, adequacy, and suitability of the softcomputing approach to assess and predict the entrepreneurial key competencies and the overall entrepreneurial competencies in the field of the entrepreneurship. The developed SKECM model will be proposed to judge or evaluate the quality of the obtained entrepreneurial competencies from the various running of entrepreneurship training programs.
Thus, the future research study will focus on validating such models against benchmarked realistic data. This step is essential to fine-tune the models before stating the adequacy of applying the softcomputing approach to the field of entrepreneurship. In addition, in order to succeed in business, it is essential to integrate the KECs models throughout the business planning process that includes several planning tasks like introduction, description of business, description of products and services, customers, competition, location, pricing, marketing, key personnel, material and sources of supply, manufacturing and production, sales forecast predict profit and loss, forecast cash flow, and presentation. Furthermore, it is worth integrating KECs models with the innovation and business start-ups.
